INTRODUCTION
Asthma affects 9.6% of the United States' (US) children. [1] Asthma prevalence is higher in minority children living in inner-cities, such as the Bronx, New York (NY), where 25% of schoolchildren have asthma. [2] [3] [4] National guidelines recommend regular physical activity (PA) for children with asthma for both asthma management and overall health.
[5] PA has been associated with decreased severity of asthma symptoms, reduced school absenteeism and improved quality of life. [6- 10] Despite these benefits, children with asthma have lower levels of PA, fitness and sports participation than children without asthma. [11] [12] [13] [14] Minority children with asthma may have even lower levels of PA.
There is a lack of studies using objective measures to evaluate PA levels during school-time in urban, minority children with asthma.
Schools are the optimal setting for programs to increase PA in children with asthma. [15] To maximize the effectiveness of such programs, it is important to understand factors that influence PA in this population. While age and gender have been shown to be predictors of PA among healthy youth (33), relatively little is known about these and modifiable determinants of PA among children with asthma. These factors can then be included in school-based programs and interventions to increase PA levels of children with asthma.
Previous studies have identified factors associated with school-time PA in healthy children, including older age, lack of outdoor facilities, participation in physical education (PE) class and outdoor recess. [17] [18] [19] Our literature review found no studies evaluating predictors of in-school PA in urban, minority US children with asthma. The purpose of this study was to (1) assess accelerometer-determined PA levels during school-time in urban, minority children with asthma and (2) to examine if PA levels varied by school, age, gender, weight status, asthma status, and participation in PE class, outdoor recess, 
METHODS

Participants and settings
We conducted a cross-sectional study of children with asthma, ages 7-10 years old, attending 2 nd -4 th grades at four elementary schools (1, 2, 3, and 4 with similar socio-demographic characteristics) in the Bronx, NY. We identified students with asthma by sending home a 6-item screening survey in
English and Spanish to all students from respective grades. [4] Caregivers completed the survey and gave consent to being contacted by phone.
Research staff assessed study eligibility over the telephone with caregivers who indicated that their child had asthma on the screening survey (192/768 (25%) of surveys). Families were eligible for participation if they had children 7-10 years of age with: (1) caregiver report of physician-diagnosed asthma; (2) prescription for asthma medication in the past 12 months; and (3) English or Spanish speaking caregiver. Children with other chronic pulmonary diseases were excluded. Once eligibility was confirmed, research staff met with the caregiver and child to sign consent/assent forms. A total of 109 children (89% participation rate) were recruited. One child dropped out prior to any data collection, leaving 108 participants. All assessments were completed during November 2012 -February 2013.
The study was approved by both the New York City Department of Education and Hospital
Institutional Review Boards. whether the monitor was worn and if the child participated in any PA during the school day. Students received a small toy each day of data collection and $10 gift card when the accelerometer was returned.
Measurement of physical activity (PA)
In this paper we analyzed school-hour data only.
Accelerometer data reduction
ActiGraph software (Actilife 6.4.5, Actigraph, Pensacola, FL) was used to convert raw acceleration into activity counts per 10 second epochs, and include only hours the child was in school (average school duration was 6.2 hours). Activity counts were classified into the time spent in sedentary, light physical activity (LPA), moderate and vigorous physical activity (MVPA) using Evenson et al. cut points (12) , shown to be the most accurate for children.
[23] An interval of at least 60 consecutive minutes of zero counts was defined as non-wear time.
[24] A day was considered "valid" if wear time during school hours had at least 4.5 hours (> 70% of 6.2 hours) of data from the school day.
[25]
Participants were also required to have > 4 valid school days to be included in the analysis. All students had at least 4 days of valid data (range 4-6 days, mean 5.08 (SD 0.53) days) with a minimum of 4.83 hours of wear time and no student was excluded from the analysis. Physical activity outcome variables were minutes spent in sedentary behaviour, LPA and MVPA and number of steps per school day.
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Asthma status assessment
Information on child's gender, race, ethnicity, asthma medications, and duration of asthma diagnosis was collected through caregiver surveys. Caregivers reported on child's asthma-related impairment over the previous month (number of days with daytime symptoms, nighttime symptoms, rescue medication use or interference with activity) based on the national guidelines.
[5] We created an "asthma status" variable with three categories (1= "mild" [daytime symptoms ≤2 days/week, nighttime symptoms ≤2 times/month, rescue medication use ≤2 days/week, or no interference with activity]; 2= "moderate" [daytime symptoms 3-7 days/week but not all the time, nighttime symptoms 3 times/month to 6 times/week, rescue medication use 3-7 days/week but not several times per day, or some limitation in activity]; and 3= "severe"[daytime symptoms every day and all the time, nighttime symptoms every night, rescue medication use several times per day, or extreme limitation in activity]). Caregivers also provided an estimate of risk by reporting the number of times systemic corsticosteroids were required over the previous year. Due to difficulties in scheduling, caregiver surveys were conducted on average 19 days (range 0-48 days) after the child began PA assessment with the exception of one participant, for whom caregiver survey was conducted one day before the start of the accelerometer data collection.
Power Consideration
In the 108 students recruited from 4 schools, they provided an average of 5 observations per student per outcome variable and the intra-student correlation coefficient ranged from 0.41 to 0.69 for measurements of PA level whereas the intra-school correlation coefficient ranged from 0.06 to 0.14. With the above data structure, the study was able to detect a standardized coefficient ranged from 0.78 to 1.10 with 80% power.
STATISTICAL ANALYSIS
Descriptive statistics of demographic characteristics and key variables related to school activities were generated for all participating students pooled and separated by school. These student characteristics were compared between the four schools using Chi-Square test for categorical variables and Analysis of Variance (ANOVA) for continuous variables. Bivariate associations between participant demographic and clinical characteristics and PA levels were evaluated by generalized linear mixed model (GLMM) to adjust for within-cluster correlations at two different levels of student and school.
Unstructured correlation matrices were assumed for the within-cluster correlations in the GLMM analyses.
Multivariable GLMMs accounting for clustering due to school and student were fitted to identify variables predictive of PA levels among age, gender, BMI status, asthma status, PE class, outdoor recess, and other in-school PA. Analyses adjusted for school and duration of school day to account for potential confounding. As the test of potential interaction between asthma status and age, gender, or BMI status was not statistically significant in our sample, we did not include any interaction terms in our multivariable models. PA levels were not normally distributed, so a log transformation was applied.
Results were converted back into anti-log scales and reported as a ratio of PA levels which can be represented as a percent change in PA levels for ease of interpretation. P-value ≤.05 was considered statistically significant. Data were analyzed using SAS software (version 9.4; SAS Institute, Inc, Cary, NC). While the proportion of days that PE classes were offered was generally low, school 4 had significantly less PE classes compared to the other 3 schools. School 2 and 4 had no outdoor recess, however, School 2 had significantly higher proportion of days with other in-school PA. Students in School 4 spent significantly less time in LPA and those in School 3 had significantly higher step counts. Tables 2A and 2B show the comparisons of PA by school, gender, BMI, asthma status, PE class, outdoor recess, and other in-school PA participation, and age. LPA levels and step count were significantly different among 4 schools. Students in School 3 spent more time in LPA and had a greater mean number of steps than those in other schools. Boys displayed significantly less time sedentary and (Table 2A) .
Accelerometer-determined PA
Older age was associated with higher sedentary behavior while younger age was associated with higher LPA, MVPA and step counts (Table 2B) . Age was significantly associated with PE class participation but not with outdoor recess or other in-school PA (Table 2B) .
Multivariable analysis
Multivariable analysis using multi-level hierarchical model revealed the following variables as independent predictors of all PA outcome variables: age, gender, participation in PE class, and other inschool PA. Outdoor recess was a predictor of MVPA and step counts (Table 3) .
Older students were significantly less physically active than their younger counterparts.
Specifically, older students spent 5% more time sedentary, 10% less time in LPA, 9% less time in MVPA and took 7% fewer steps, than their one-year younger peers, while adjusting for other factors in the models. Boys were significantly more physically active than girls. Compared to girls with the same characteristics (age, BMI, asthma status and PA opportunity), boys spent 6% less time sedentary, 16%
and 25% more time in LPA and MVPA, respectively, and accumulated 10% more steps.
Participation in PE class, outdoor recess and other in-school PA were significantly associated with lower sedentary activity and higher LPA, MVPA and step counts during school day. Students who higher LPA, 80% and 42% higher MVPA and took 42% and 19 % more steps, respectively, compared to students who did not attend these activities. In addition, students who had outdoor recess spent 38% more time in MVPA and took 20% more steps. BMI and asthma status were not associated with PA.
DISCUSSION
Our findings revealed that urban, minority students with asthma spent over half of their school day being sedentary (67.38%), nearly one-third of their school day undertaking LPA (28.16%) and only 4.46% in MVPA. Age, gender, participation in PE class, outdoor recess, and other in-school PA were found to be independent predictors of school-time PA. To our knowledge, this study is the first to assess objectively measured school-time PA levels and determine predictors of PA in urban, minority US students with asthma. Identifying factors associated with school-time PA in children with asthma would allow tailoring in-school PA interventions and informing policies for promoting PA in this population.
Older students were less physically active , possibly due to younger children having more PE classes. Our results support prior studies revealing that PA levels decline as children get older. [16, 28] As shown in Table 2B , the magnitude of change per one unit increase in age (i.e., the regression coefficient) was similar across all PA variables. However, we did not observe statistically significant association of some PA variables (such as outdoor recess and other in-school PA) with age. This may be explained by the lack of statistical power as these two variables had greater standard errors for their corresponding regression coefficients compared to standard errors of the other PA variables (such as LPA, MVPA, step counts). Similar to our findings, accelerometer-determined PA literature indicates that in healthy children, boys are more physically active than girls. [28-30] (23), dance classes, classroom activity breaks) had significantly higher levels of PA than students who did not participate. In spite of built environment constraints in urban low-resource schools, providing such programs at schools may be a creative and effective strategies way to get all children, including children with asthma more active. to increase PA.
We found significant differences in step counts among four schools. Students attending school 3 had greater number of steps than the other schools. This could be because school 3, the largest of four schools in student enrollment, occupied a building with several floors and students had to walk longer distances to get to classrooms or other areas within the school.
Several studies described school-time PA of healthy children with MVPA ranging between 28. three asthma subgroups indicating that this population of urban, minority children with asthma had low overall school-time PA levels. Unmeasured factors, including children and parents' perception of asthma as a barrier to PA, fears about the effects of exercise on asthma, suboptimal management of asthma in schools, and knowledge and attitudes of school personnel, and inadequate school facilities for PA may preclude student participation in PA and could mediate or confound the association between asthma status and PA. Effects of these factors on PA should be evaluated in future studies. Finally, asthmarelated impairment assessed by caregiver self-report has a potential for over-or under-reporting of child's asthma symptom frequency biasing the association toward the null.
Since children spend many hours in school, schools are well positioned to provide PA opportunities to contribute to children meeting the 60 min/day MVPA guideline.
[37] The recommendation for elementary schools is to provide children with > 30 min/day of MVPA through PE, recess and other opportunities.
[15] Only 2.78% of our recruited students met this criterion. Many public schools in low-income communities, such as the Bronx, are not meeting this recommendation due to overcrowding, lack of resources and physical space for PA.
Our study had several limitations. First, this study was conducted in urban low-income public elementary schools in the Bronx, NY; thus, the conclusions may not be generalizable to schools in other communities. Second, while travel to and from school and out of school activity could contribute considerably to a child's overall PA, accelerometer data were analyzed only during school hours as the purpose of the study was to identify modifiable school-based factors that could be considered in development of a school-time intervention to increase PA in children with asthma. T; therefore, conclusions from this study cannot be drawn regarding the overall PA of children with asthma. Third, and teaching staff's attitudes may affect PA of children with asthma. These factors should be considered in analyses of future studies. Finally, the present study is a cross-sectional analysis and no definitive conclusions can be made on causation or direction of associations.
CONCLUSIONS
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